AppendixC

Determination of Source Parameters, Verificationof Source Strength
The absolute value of the source strength for sources used clinically and the variation among sources in a batch must be assessed. In addition, the linear uniformity of the radiation pattern of each individual source or source line should be assessed.
C.1 Calibration
Figure C.1 shows a diagram of traceability from the N ational/International Laboratory through a Secondary Standards Laboratory to the user. A clear distinction must be made between "calibration" certificates issued by the manufacturer and official calibration of a source by a Standards Laboratory. The manufacturer's certificate is not considered directly traceable to a Standards Laboratory.
When a national standard is not available for a given isotope, the manufacturer's calibration may need to be accepted; however, the institution should establish a Quality Assurance program to assess each batch of the isotope shipped to assure that the manufacturer's standards do not change with time.
C.2 Recommendations for Calibration
All sources used in brachytherapy should have calibrations traceable to a national or international standard.
The reference distance for reference air kerma rate is one meter; however, the air kerma rate can be measured at any distance large enough for the source to be considered as a point source. In that case, the reference air kerma-rate is the product of the kerma rate and the square of that distance.
Unlike external beam radiation therapy, where the physicist relies on a properly calibrated radiation measuring device (ionization chamber) as a standard, in brachytherapy, the physicist should rely on a properly calibrated standard radioactive source and, to a lesser extent, upon a calibrated radiation measuring device. Sources used clinically should be calibrated by comparison with a standard source. Relying exclusively on the source manufacturer's calibration is not recommended.
Each institution should maintain at least one standard calibrated source of each long half-life isotope used. Sources should be compared to this at the time of purchase and periodically thereafter. For sources with a short half-life (192Ir, 125 1, etc.), a standard calibrated source should be obtained and a detector (well ionization chamber) calibrated against it (Goetsch et al., 1991) . The stability ofthe chamber can be tracked by a long half-life source long after the calibrated source has decayed beyond a useful leveL For applications where only a few short half-life seeds are used, the calibration of all seeds should be verified. For an application where a large number of seeds are used, verification of a random sample may suffice (Kutcher et al., 1994) .
C.3 Uniformity of Source Strength within A Batch of Sources
Nominally identical sources from any given manufacturing run have some inherent spread in their strength. In the clinical environment, these sources are usually considered to be equal and the average strength used in calculations. This applies equally as well to remote afterloading devices which utilize a number of sources.
Sources whose strength deviates from the average by more than 5% should be considered unacceptable for clinical use. For implants using a large number of seeds, where seed averaging may compensate for variations in individual seed source strengths, these requirements may be relaxed.
C.4 Linear Uniformity
The uniformity of the activity of each source should be verified. Autoradiographs are useful for tubes, needles, wires and seed ribbons.
More elaborate methods are available to verify uniform linear activity of wires and seed ribbons (Bernard et al., 1975, Ling and Gromadzki, 1981) .
C.5 Uniformity of Low Energy Sources
A specific problem is raised by iodine-125 seeds. Some sources are known to be anisotropic with large asymmetry about the axis ofthe seed (radial asymmetry) as well as longitudinally. Anisotropy should be investigated for low energy sources where self absorption is significant.
C.6 Calibration of High Intensity Mterloading Systems
The calibration of high intensity sources (particularly iridium-192) used in afterloading devices re- Laboratory. (After Cance and Simoen, 1983) . KR is the reference air kerma-rate. quire special consideration. There is no generally accepted protocol for calibration of these sources. However, work is being done to establish a protocol (Williamson et al., 1982; AAPM, 1993; Venselaar et al., 1994) . The following points need to be considered in any such calibration protocoL Well ionization chambers:
The dose rate is high so ion recombination can be significant. A chamber designed specifically for these sources has been developed (Goetsch et al., 1991) .
Thimble chamber, measurement of air kerma at a distance: N ationallinternational standards are not generally available for thimble chambers at 192Ir energies. An interpolation procedure between 137CS (or 60CO) and orthovoltage energies has to be applied (Cance and Simoen, 1983; Goetsch et al., 1991) . Position is critical, and the contribution from scatter is non-negligible. A technique to minimize these effects has been reported (Goetsch et al., 1991) .
Thimble chamber, measurement in a solid phantom:
The use of a solid phantom has the advantage that positioning uncertainty is decreased. In order to determine the air kerma rate at the point of measurement, it is, however, necessary to take into account the replacement of the phantom material by the ionization chamber (Steggerda and Mijnheer, 1994) . It has the disadvantage that the measurement includes attenuation and scatter at the point of measurement, and cannot be considered as a source calibration.
